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TITLE 

AMORPHOUS N- [ N- ( 3 , 3-D IMETH YLBUT YL ) -L-a- 
ASPARTYL ] -L -PHENYLALANINE 1 -METHYL ESTER 

BACKGROUND OF THE INVENTION 

Field of the Invention * 

5 This invention is related to amorphous N-[N-(3,3- 

dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester (neotame). The invention is also directed to 
processes of preparing amorphous neotame , such as by 
melt-processing. Amorphous neotame is advantageous 
10 compared to other forms of neotame because of improved 

solubility and dissolution. 

Related Background Art 

15 Neotame is a known sweetener that has a sweetening 

potency that is about 40 times that of aspartame and 
about 8,000 times that of sucrose. N-[N-(3,3- 
dimethylbutyl)-L-a-aspartyl]-L-phenylalanine 1-methyl 
ester may be prepared from aspartame as described in 

20 U.S. Patent No. 5,480,668, U*S. Patent No. 5,510,508 

and U.S. Patent No. 5,728,862, all of which are 
incorporated by reference herein. 
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As described in those patents, neotame is crystallized 
from a methanol/water solution to provide neotame 
monohydrate , i.e., one molecule of water and one 
molecule of neotame. The crystal structure of neotame 
5 monohydrate is known. See e.g., "Neotame, an alkylated 

dipeptide and high intensity sweetener", Acta Cryst. 
(1999) CSS, 1365-1368. 



SUMMARY OF THE INVENTION 



10 



This invention relates to amorphous N-[N«(3,3- 
dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester (amorphous neotame). As used herein, the term 
amorphous is defined as a non-crystalline solid 

15 material. In one embodiment of this invention the 

amorphous neotame may be prepared by the process 
comprising the steps of (i) melting N-[N-(3,3- 
dimethylbutyl ) -L-a-aspartyl J -L-phenylalanine 1-methyl 
ester and (ii) cooling the melt to produce a melt- 

20 processed neotame, i.e., amorphous neotame. 



Another embodiment of this invention is directed to the 
process of preparing amorphous neotame by milling, most 
preferably by ball milling. Yet another embodiment of 

25 this invention is directed to the process of preparing 

amorphous neotame by dissolving neotame in an organic 
solvent and recovering amorphous neotame from the 
solvent. Generally, the amorphous neotame is recovered 
by evaporation of the solvent or separating the 

30 amorphous neotame from the solvent by, for example, 

filtration. 



Preferably, the neotame that is used to prepare 
amorphous neotame by the techniques described above can 
35 be any hydrated form, such as a monohydrate (about 4.0% 

to 4.5% H 2 0), an intermediate hydrate (about 1.0% to 
4.0% H 2 0) or an anhydrate (less than about 1.0% H 2 0) or 
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combinations thereof. In addition, it is also possible 
for the neotame to contain excess water, i.e., greater 
than about 4*5% H 2 0. Most preferably the neotame is the 
monohydrate form. The amorphous neotame of this 
5 invention is characterized by an x-ray diffraction 

pattern as depicted in Figure 1. 



DETAILED DESCRIPTION OF THE DRAWING 



10 Fig. 1 illustrates the x-ray diffraction pattern of the 

amorphous neotame of this invention. 

Fig. 2 illustrates the x-ray diffraction pattern of 
neotame monohydrate. 

15 

Fig. 3 illustrates a graphical representation of the 
dissolution rate of amorphous neotame and neotame 
monohydrate in deionized water at 20° C. * 

20 Fig. 4 illustrates a graphical representation of the 

dissolution rate of amorphous neotame and neotame 
monohydrate in 0.1 M phosphate buffer at 20° C. 



DETAILED DESCRIPTION OF THE INVENTION 

25 

This invention is directed to amorphous neotame. Most 
preferably the amorphous neotame is substantially pure 
amorphous neotame. 



3 0 The novel form of amorphous neotame (amorphous N-[N- 

{ 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester) may be produced by melting non-amorphous 
neotame, followed by solidifying the melt to produce 
solid material. This novel form has advantages of 

35 higher solubility and a reduced rate of dissolution 

compared to that of the monohydrate form of neotame in 
a variety of solvents commonly used in the food 
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industry. A reduced rate of dissolution may be 
preferred in processing of food formulations such as 
chewing gum and baking applications. 

5 The amorphous neotame of this invention has a high 

degree of sweetness. The amorphous neotame is believed 
to have a sweetening potency of around 40 times that of 
aspartame . 



10 The amorphous neotame of this invention can exist under 

normal storage and processing conditions and can be 
used in typical and conventional food applications. 
One particular feature concerning the use of any food 
ingredient is its solubility (defined as the amount of 

15 material dissolved at a particular temperature at 

equilibrium conditions) and dissolution (defined as the 
rate of which the material dissolves) properties in 
various food compositions. For end-use commercial * 
liquid systems such as beverages, dissolution of 

20 neotame is more important than solubility due to 

neotame 1 s high potency level . For traditional dry 
systems, or low-moisture food systems such as chewing 
gum, baking, dairy, and pharmaceutical applications, 
both dissolution and solubility of neotame within the 

25 blend composition will be important considerations. 



Because of its extremely high potency compared to other 
commercially available high intensity sweeteners, a 
liquid delivery form is particularly advantageous. 

30 Therefore the solubility of neotame will also be an 

important consideration in any liquid delivery system 
containing neotame. Preferably, the greater the 
solubility in a particular solvent the less solvent 
used for any particular application, thus resulting in 

35 a potential cost savings of ingredients. In addition, 

greater solubility in any particular solvent may result 
in an added benefit of increasing the stability of 
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neotame, since stability has always been a concern with 
dipeptide based sweetener ingredients. Slower 
dissolution of dipeptide sweeteners such as neotame is 
advantageous in the processing of many low-moisture 
food formulations such as those of bakery, dairy, and 
chewing gum because the stability of the dipeptide 
sweetener can be increased. Degradation by interaction 
with other components in the food system is enhanced 
once the sweetener has sufficiently dissolved in the 
formulation. Thus, it is believed that a slower rate 
of dissolution of amorphous neotame in these 
compositions will result in an increase of stability of 
neotame compared to that provided by non-amorphous 
neotame. The amorphous neotame of this invention 
provides improved solubility and dissolution compared 
to the known monohydrate form and thus may be highly 
advantageous in food and beverage applications. 

Another embodiment of this invention is directed to a 
20 process of producing amorphous neotame using a melt- 

processed technique. The melting temperature required 
in the process of this invention will differ depending 
on the form of starting neotame. This melting 
temperature can be readily determined by simple 
25 observation. For example, neotame monohydrate is 

heated above its melting point of about 82.2°C to form 
a liquid melt. Generally, the melt temperature must be 
at least about 75°C. The typical temperature range for 
melting the monohydrate is from about 82 °C to about 
30 200°C. The preferred range is about ,85°C to about 120°C 

and the most preferred range is about 87°C to about 
95°C. The melting point of anhydrous neotame is about 
92 °C. In this case, the typical temperature range for 
melting the anhydrous neotame is from about 92 °C to 
35 about 200°C. The preferred range is about 95°C to 

about 125°C and the most preferred range is from about 
97°C to about 105°C. The melting point temperatures 
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described above are average melting temperatures at 
atmospheric pressure and will vary depending on the 
processing pressure. 

The amount of time to produce the melt, once the 
melting temperature has been reached will depend on the 
amount of neotame used. The amount of time used for 
the melting process should be enough to ensure the 
melting of all of the neotame present. Once the 
neotame has all melted, it is then allowed to cool to 
solidify. There are no specific limits as to the 
temperature of cooling or rate of cooling after the 
melting of neotame is completed* 

The amorphous neotame obtained from the melt-processing 
described above is a hard brittle glassy-like solid. 
The amorphous neotame of this invention is 
characterized by the x-ray diffraction pattern of * 
Figure 1. There is no specific limitation regarding 
further processing of the amorphous neotame, as the 
amorphous neotame can be processed to achieve a 
desirable particle size by granulating or other means 
to form free-flowing particles. 

Another embodiment of this invention is directed to a 
method of producing amorphous neotame by milling non- 
amorphous neotame. The step of milling is a mechanical 
process that, without being bound to theory, is 
believed to produce localized areas of energy that 
converts crystalline forms of neotame to the amorphous 
form. Exemplary milling techniques useful in the 
method of this invention include ball milling or air 
jet milling. Ball milling is the most preferred 
technique. Such milling techniques are well known to 
those of ordinary skill in the art. 
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The starting neotame used in the milling process of 
this invention may be the same as the forms of neotame 
used in the melt processed technique* The non- 
amorphous neotame is milled for a period of time and at 
5 a speed effective to form amorphous neotame. These 

parameters can be readily determined by those of 
ordinary skill in the art. Typical milling time 
periods may range from about 15 minutes to about 2 
hours f although other time periods may be employed as 
10 desired. The resulting amorphous neotame derived from 

milling is a powder and is characterized by the x-ray 
diffraction pattern shown in Figure 1. 

Yet another embodiment of this invention includes a 

15 method to prepare amorphous neotame comprising the 

steps of mixing non-amorphous neotame with an organic 
solvent substantially free of water and recovering 
amorphous neotame from the organic solvent. The * 
starting neotame used in this organic solvent process 

20 may take the same forms as the neotame used in the 

melt-processed technique. As used herein, organic 
solvents include one or more organic solvents which are 
substantially free of water, i.e., having less than 
about 3% water, more preferably less than 1% water. 

25 Useful organic solvents include, for example, methanol, 

toluene, ethyl acetate, hexane, ethanol, acetone, 
dioxane, tetrahydrofuran and mixtures thereof. Organic 
solvents useful in this invention may be purchased 
substantially free of water or dried using known 

30 techniques. Generally about 0.05 to about 75 percent 

by weight starting neotame is added to the organic 
solvent system. The amount of neotame mixed with the 
organic solvent will of course depend on its solubility 
in the solvent and the temperature. Generally, the 

35 process is conducted at room temperature, although 

other higher or lower temperatures may be used as 
desired depending on the solubility of neotame. It 
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should be recognized, however, that while it is 
preferable to completely dissolve the non-amorphous 
neotame in the organic solvent, the process may also be 
useful even if some of the non-amorphous neotame does 
5 not dissolve. The neotame is left in the solvent for a 

time sufficient to convert the non-amorphous neotame to 
amorphous neotame. Such time periods may range from 
several minutes to several days or more. The 
appropriate time period and temperatures of the process 
10 can be readily determined by one of ordinary skill in 

the art. 



The amorphous neotame may be recovered from the organic 
solvent by standard or conventional techniques. For 

15 example, by solvent evaporation followed by filtration. 

It may be possible to precipitate the dissolved mixture 
by addition of an appropriate organic solvent followed 
by filtration. The amorphous mixture prepared by this 
process of the invention is a powder and is 

20 characterised by the x-ray diffraction pattern 

illustrated in Figure 1. 

The examples which follow are intended as illustrations 
of preferred embodiment of the invention and no 
25 limitation of the invention is implied. 

Example 1 



25 grams of neotame was spread out equally on six 
3 0 containers and heated slowly past its melting point of 

about 82°C until a temperature of about 92°C was 
reached. The rate of heating after the initial melting 
of neotame was observed to be about l°C/minute. Once 
92°C was reached, all of the neotame was melted. The 
35 containers containing the neotame were removed from the 

oven and allowed to cool to room temperature, about 
23°C. The neotame was removed from the containers, and 
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ground to a crystalline powder with a mortar and 
pestle. The x-ray diffraction pattern of the resulting 
amorphous neotame is illustrated in Figure 1. Rates of 
dissolution and solubility measurements were then 
5 determined in several different solvent systems 

(deionized water; O.IM phosphate (pH3) in water; 10:90 
Ethanol (EtOH):H 2 0; and 50:50 Ethyl Acetate 
( EtAc ) : Hexane ) and compared to the conventional form of 
the neotame monohydrate. The solubility results are 
10 set forth below: 



SOLUBILITY (grams of neotame/100 grams solvent) 





Solvents 


Water 


0.1M 

Phosphate 
pH3 


10:90 
EtOH:H 2 0 


50:50 

EtAc: Hexane 


Neotame 
Monohydrate 


1.28 


1.35 


1.55 


■ ■ ■■ % 1 

1.29 


Example 1 


1.35 


1.49 


1.57 


3.07 



20 

Figure 3 illustrates a comparison of the dissolution of 
the amorphous neotame of Example 1 with neotame 
monohydrate in deionized water at 20°C. Figure 4 
25 illustrates a similar comparison in 0.1 M phosphate 

buffer. 

Example 2 

30 Neotame monohydrate (1.5 grams) was subjected to milling 

in a ball mill (Glen Creston, London, England). After 6 
hours of milling the neotame monohydrate was nearly 
entirely converted to anhydrous neotame. The resulting 
amorphous neotame is characterized by an x-ray 

35 diffraction pattern such as illustrated in Figure 1. 
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Example 3 

Neotame monohydrate (9.2 grams) was added to methanol (8 
mis). The mixture was allowed to stand for 3 days, 
5 after which the mixture was filtered by vacuum 

filtration and the solid recovered. The resulting solid 
was amorphous neotame characterized by an x-ray 
diffraction pattern such as illustrated in Figure. 1. 

10 Example 4 

Neotame monohydrate (9 grams) was mixed with toluene 
(20 mis). The toluene was evaporated in a vacuum oven 
at 50°C. The resulting product was amorphous neotame 
15 characterized by an x-ray diffraction pattern such as 

illustrated in Figure 1. 

Example 5 * 

20 Neotame monohydrate (3.5 grams) was mixed with 50:50 

ethyl acetate/hexane (130 grams). The solvent was 
evaporated in a vacuum oven at 50°C. The resulting 
product was amorphous neotame characterized by an x-ray 
diffraction pattern such as illustrate in Figure 1. 



25 



Other variations and modifications of this invention 
will be obvious to those skilled in the art. This 
invention is not limited except as set forth in the 
claims . 



30 
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What Is Claimed Is: 

1. An amorphous N-[N-(3,3-dimethylbutyl)~L-a~ 
aspartyl] -L-phenylalanine 1-methyl ester. 

2. The amorphous N-[N-3, 3-dimethylbutyl )-L-a- 
aspartyl ] -L-phenylalanine 1-methyl ester according to 
claim 1, characterized by the x-ray diffraction pattern 
of Figure 1. 

3. The amorphous N-[N-( 3, 3-dimethylbutyl) -L-a- 
aspartyl] -L-phenylalanine 1-methyl ester according to 
claim 1, wherein said amorphous N-[N-(3,3- 
dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine is 
substantially pure, 

4. An amorphous N-[N-(3, 3-dimethylbutyl ) -L-a- 
aspartyl] -L-phenylalanine 1-methyl ester compound * 
prepared by the process comprising the steps of (i) 
melting N- [ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ) -L- 
phenylalanine 1-methyl ester and (ii) cooling the melt 
to produce the amorphous N-[N-( 3, 3-dimethylbutyl) -L-a- 
aspartyl] -L-phenylalanine 1-methyl ester compounds 

5. The compound according to claim 4, wherein the N- 

[ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester that is melted in step (i) is an anhydrous 
or monohydrate form* 

6. The compound according to claim 4, wherein the N- 
[N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1 - 
methyl ester that is melted in step (i) is a monohydrate 
form. 

7. The compound according to claim 6, wherein step (i) 
comprises heating the N-[N-( 3, 3-dimethylbutyl) -L-a- 
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aspartyl] -L-phenylalanine 1-methyl ester to a 
temperature of at least about 82 °C. 

8 . The compound according to claim 7 , wherein said 
temperature is about 82 °C to about 200°C. 

9. The compound according to claim 4, wherein the N- 

[ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester that is melted in step (i) is an anhydrous 
form. 

10. The compound according to claim 9, wherein step (i) 
comprises heating the N~[N- ( 3, 3-dimethylbutyl )-L-a- 
aspartyl]-L-phenylalanine 1-methyl ester to a 
temperature of at least about 92 °C. 

11. The compound according to claim 10, wherein said 
temperature is about 92 °C to about 200 °C. * 

12. A process for preparing amorphous N-[N-(3,3- 
dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester compound comprising the steps of (i) melting N-[N- 
( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester and (ii) cooling the melt to produce the 
amorphous N- [N-( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L- 
phenylalanine 1-methyl ester compound. 

13. The process according to claim 12, wherein the N- 
[N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester that is melted in step (i) is an anhydrous 
or monohydrate form. 

14. The process according to claim 12, wherein the N- 

[ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1 - 
methyl ester that is melted in step (i) is a monohydrate 
form. 
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15- The process according to claim 14, wherein step (i) 
comprises heating the N-[N-(3,3-dimethylbutyl)-L-a- 
aspartyl]-L-phenylalanine 1-methyl ester to a 
temperature of at least about 82 °C. 

16. The process according to claim 15, wherein said 
temperature is about 82°C to about 200 °C. 

17. The process according to claim 12, wherein the N- 

[ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester that is melted in step (i) is an anhydrous 
form. 

18* The process according to claim 17, wherein step (i) 
comprises heating the N-[N-( 3, 3-dimethylbutyl) -L-a- 
aspartyl] -L-phenylalanine 1-methyl ester to a 
temperature of at least about 92 °C. 

19. The process according to claim 18, wherein said 
temperature is about 92 °C to about 200°C. 

20. An amorphous N-[N-( 3, 3-dimethylbutyl) -L-a- 
aspartyl] -L-phenylalanine 1-methyl ester compound 
prepared by the process comprising the step of milling 
N- [ N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 
1-methyl ester for a time sufficient to form said 
amorphous N- [N- ( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] ~L- 
phenylalanine 1-methyl ester. 

21. The compound according to claim 20, wherein said 
step of milling comprises ball milling. 

22. A process for preparing amorphous N-[N-(3,3- 
dimethy lbuty 1 ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester compound comprising the step of milling N-[N-(3,3- 
dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester for a time sufficient to form said amorphous N-[N- 
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( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester. 

23. The process according to claim 22, wherein said 
step of milling comprises ball milling. 

24. The process according to claim 23 , wherein said 
step of ball milling is performed for a time in a range 
of about 15 minutes to about 2 hours. 

25* An amorphous N-[N-(3,3,-dimethylbutyl-L~-a- 
aspartyl] -L-phenylalanine 1-methyl ester compound 
prepared by the process comprising the steps of 
( i ) mixing N-[N-( 3 / 3-dimethy lbuty 1 ) -L-a-aspartyl ] -I*- 
phenylalanine 1-methyl ester with an organic solvent 
substantially free of water and (ii) recovering said 
amorphous N-[N-(3, 3 -dimethy lbuty 1 ) -L-a-asparty 1 ] -L- 
phenylalanine 1-methyl ester from said mixture. * 

26. The compound according to claim 25, wherein said 
organic solvent is selected from the group consisting of 
methanol, toluene, ethyl acetate, hexane, ethanol, 
acetone, dioxane, tetrahydrofuran and mixtures thereof. 

27. The compound according to claim 25, wherein the 
weight percent of N-[N-(3, 3-dimethy lbuty 1) -L-a- 
aspartyl]-L-phenylalanine 1-methyl ester mixed with said 
organic solvent is in a range of about 0.05% to about 
75% by weight of the mixture. 

28. The compound according to claim 25, wherein the 
step of recovery comprises at least one of filtration 
and evaporation. 

29. A process for forming an amorphous N-[N-{3,3,- 
dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1-methyl 
ester compound comprising the steps of (i) mixing N-[N- 
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( 3 , 3-dimethylbutyl ) -L-a-aspartyl ] -L-phenylalanine 1- 
methyl ester with an organic solvent substantially free 
of water and (ii) recovering said amorphous N— [N-( 3,3- 
dimethy lbuty 1 ) -L-a-aspartyl } -L-pheny lalanine 1 -methyl 
ester from said mixture. 

30- The process according to claim 29, wherein said 
organic solvent is selected from the group consisting of 
methanol, toluene, ethyl acetate, hexane, ethanol, 
acetone, dioxane, tetrahydrof uran and mixtures thereof. 

31. The process according to claim 29, wherein the 
weight percent of N- [ N- ( 3 , 3-dimethylbutyl ) -L-a- 
aspartyl ] -L-phenylalanine 1-methyl ester mixed with said 
organic solvent is in a range of about 0.05% to about 
75% by weight of the mixture. 

32. The process according to claim 29, wherein the ^tep 
of recovery comprises at least one of filtration and 
evaporation. 
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